construction of a new building for the department.
Research in the new building got off to a good start with the work carried out by C.G. Barkla on X-rays. Barkla had been a student under Oliver Lodge, had gone to Cambridge to do research with J.J. Thomson, and returned to Liverpool as Oliver Lodge Fellow. During the next seven years he carried out a series of brilliant investigations with X-rays which led to the award of the Nobel Prize. When Barkla left Liverpool to go to Kings College, London, as professor, Wilberforce lost interest in research. Instead he concentrated on teaching, became well known as an entertaining lecturer and over the years built up an impressive collection of apparatus for lecture demonstrations.
When Chadwick arrived in 1935 the laboratory must have looked much the same as it did when it was first opened 30 years previously. The electricity sup ply was still DC and the few machines in the workshop were operated by belts driven from an overhead shaft. However, there was plenty of space which had hardly been used, and Chadwick's plan was to construct a cyclotron in the basement rooms of the building.
To help with this, and to start some research in nuclear physics, he brought with him six new staff members. The cyclotron was then a new device which had been invented by Lawrence in Berkeley a few years earlier. Chadwick's two experts were Bernard Kinsey and Harold Walke, young research fellows who had spent several years working with Lawrence. The construction of the machine at Liverpool was to be, in some ways, a stressful learning process.
The cyclotron magnet was 50 tons in weight, with pole diameter 37 inches, and was manufactured by Metropolitan Vickers at Trafford Park. The copper conductor for the coils was a gift from a local cable manufacturer. The magnet had been designed by John Cockcroft at Cambridge, where Rutherford had finally been persuaded to agree to the construction of a similar cyclotron.
I remember someone asking how Cockcroft had arrived at the shape of the elegant curved taper of the pole pieces, and being told that he had drawn it freehand so as to look right from his knowledge of the flow of magnetic lines of force. During the war, Henry Tizard, the Government science advisor, visit ed the laboratory on one occasion and asked the same question. On being told, he said, 'Yes, the man who designed the Spitfire drew the nose cone in a sim ilar fashion, freehand'.
Metropolitan Vickers also manufactured the vacuum chamber, but the two 10-kilowatt RF power oscillator valves to drive the dee electrodes were home made in the laboratory workshops. They were continuously pumped with oil diffusion pumps. Vacuum leaks in the cyclotron vacuum chamber and the valves were to be a continual source of trouble. One reliable piece of equip ment was the 12-kilovolt DC power supply for the valves, which was a mer cury-pool rectifier set supplied by Siemens in Germany. It only broke down once, during the war, when we had to sort it out with the help of the wiring dia gram, but with no help from the manufacturers! Bernard Kinsey was in charge of the day-to-day operations of construction, assembly and testing, but Chadwick became increasingly dependent on the expertise and good sense of a young man who had been an apprentice at Metropolitan Vickers and came to Liverpool to work on the assembly. This was Michael Moore, who was to play a vital role in the organization and running of the technical side of the laboratory for the next 25 years. The rest of the con struction team included the small workshop staff of the department and two research students, T.G. Pickavance and F.C.Thompson, with some help from Harold Walke.
The six new staff members doubled the academic complement and since Chadwick ensured that most of them taught new courses, the department underwent a revolution on the teaching side also. Chadwick himself gave a course on optics, and I was present at his first lecture. I remember his entrance, a tall bird-like figure, followed by the chief technician, Mr Welch, whose job it was to assist with the slide lantern and demonstrations. After glaring at us for a few moments he looked down in thought and then began a concise pre sentation of the wave optics of lenses, using diagrams which he drew on the blackboard with board compasses. It was a beautifully prepared course which progressed through physical optics to electromagnetic waves.
There was a good store of lecture demonstrations -Wilberforce's legacyand Chadwick used these to good effect. He liked to make these demonstra tions quantitative whenever possible, and would carefully carry out the mea surements, commenting on the likely errors, and finally work out the results on the board. His spontaneous grin when the results agreed with expectations con veyed something of his pleasure in experimental physics, and indicated that it had not all been carefully rehearsed beforehand.
To the students, Chadwick was an impressive figure, treated with admiration and respect. To the old members of staff adjustment to the new regime which he introduced must sometimes have been difficult. Mr Welch had been used to acting rather like a gentleman's valet to Wilberforce, for example meeting him when he arrived in the laboratory each morning and taking his hat and coat, but his attempts to provide the same service for the new head were brushed aside unceremoniously.
I became a research student in 1938, and Chadwick set me to work on Geiger counters. These one had to make oneself, and fill with argon gas, with an essential whiff of alcohol vapour, without which they refused to function properly. Artificial radioactive elements were the subject of research, and these were produced in the cyclotron at Berkeley.
Walke, who had been a Commonwealth Fellow with Kinsey in California, used to spend the summer months there and bring the new samples back with him, so that we could investigate the weak, residual, long-period activities. He had a portable electroscope made in the laboratory and measured the decay of his samples during the long journey back by rail and sea from California. E.J. Williams, a brilliant young physicist who had already made a name for himself as a theoretician, built and operated a cloud chamber which was also used to examine the radioactive samples. He was also hot on the trail of the mysterious cosmic ray particles, which did not appear to behave like either protons or electrons. It was suspected that they might be the particles of inter mediate mass postulated in 1935 by Yukawa to account for the tight binding between the protons and neutrons in nuclei. In 1937 Williams obtained a pho tograph of a slow cosmic ray particle, heavily ionizing, which pointed strong ly to its being such a particle. But it was not until he went to Aberystwyth as Professor of Physics in 1939 that he obtained a photograph of such a particle decaying into an electron, showing that it must be something quite new, and different from either an electron or proton.
This was a foretaste of the new subject of particle physics, which blossomed after the war, in which new types of particles appeared in astonishing numbers. Neither Walke nor Williams lived to see this development: Williams died of cancer during the war, and Walke was electrocuted while making adjustments to the cyclotron in December 1939.
By the end of 1939 the assembly of the cyclotron was completed and the first small beam obtained. Chadwick used to come down to the basement as often as he could to discuss progress, but he was inevitably busy with other matters as well, including the uranium question; he was also much involved with cancer therapy problems and was very interested in other applications of physics to medicine.
However, he was often to be found at teatime, when we would all sit round the long table in the small library outside his office on the first floor. This was a time for general discussion of many topics, scientific or otherwise, but it was not a time for loose talk. Chadwick never made an ill-considered remark and he expected others to adhere to the same standards of conversation.
He showed the same regard for clarity and style in his writings, and his sci entific papers are models of their kind. The younger members of staff did their best to emulate him, and would finally win his approval after several attempts, during which whole sections of a paper were re-written with Chadwick's help. The drafting of examination papers was also subjected to the same careful scrutiny.
Chadwick s concern for the best form of words to express his thoughts led to a rather slow and deliberate style of lecturing. A characteristic of his was to pause for a moment with his eyes cast down while considering his next remark.
To the undergraduates Chadwick had a rather austere and forbidding pres ence, but later one came to realize that this was only a mask which hid a natu rally shy and sympathetic nature.
Chadwick ran the department on a loose rein. He organized things as he wanted them to be, assigned people their roles, and then left them to play their part without day-to-day monitoring. If there were serious problems or difficul ties, of course he was there to advise and help, but one was made to feel responsible for one's own particular job, and such was the natural respect for Chadwick that one strove to do well and to earn his approval at the end.
This respect grew partly out of a realization that his judgement was invari ably to be trusted; it was never reached without very careful consideration. Often an interview would be marked by long silences, perhaps punctuated by a brief complaint about his lumbago.
Chadwick's wife was a frequent visitor to the laboratory; she was a charm ing person with a keen sense of humour, and her visits to the cyclotron when, as was often the case, things were not going well, acted like a tonic to those labouring there.
Chadwick himself liked to take part in the adjustments to the cyclotron whenever his many other commitments allowed, as his frequent entries in the log book testify. Sometimes he would come in on a Sunday to take readings of vacuum gauges during pumping down after repair of some leakage. In fact vac uum leaks were a continual problem and had to be located using the primitive means then available; namely by watching for a change in colour of a dis charge tube while searching possible areas with a spray of ether. When the leak had been located, the sealing remedy was often to paint the region with a red resinous varnish supplied by Metropolitan Vickers.
But often the remedy for this, or other malfunctions, involved extensive dis mantling and long delays while the system was re-pumped. It was at such times that boredom sometimes gained the upper hand amongst the young research students, and led to a certain amount of horse-play. Chadwick treated these lapses with indulgence. I remember one occasion when Chadwick happened to walk into a room in the middle of some tomfoolery, where he found a lone stu dent, apparently nailed to the floor by the edges of his boiler suit. Turning a blind eye to this, he proceeded to carry on a normal conversation with the embarrassed student for a short while before marching out, later confiding to his secretary, Miss Lloyd-Jones, that 'the boys have been up to their tricks again'.
Chadwick was, in fact, something of a father-figure to the research staff on the cyclotron and it is worth remembering in this connection that none of them was older than the late twenties, whereas Chadwick was nearing 50.
In 1939 two events occurred which were, together, of great significance for the future of the laboratory. The first was the observation of uranium fission in January, and the second the outbreak of war in September.
Otto Robert Frisch, who had been the first to observe the fission process, later came to work at Liverpool and played an important part in subsequent events. He had also given the process its name after learning from a biologist colleague that the name given to the process of a cell dividing into two was 'fission'.
By the summer of 1939 Government defence departments had been alerted to the possibility of a powerful bomb using uranium, and there had been some public discussion about it in the press. Moves were made to secure supplies of uranium. Then doubts started to appear, and it began to look as if there were serious obstacles to the production of a bomb.
So, at the outbreak of war, most nuclear physicists went to work on other projects, such as radar, and at Liverpool many of Chadwick's senior helpers left. He himself considered the question by no means settled, and planned to start some work on uranium with the help of Joseph Rotblat, a research fellow from Warsaw.
However, early in 1940 the situation was completely changed by a remark able memorandum written by Frisch and Peierls in Birmingham which showed that it ought to be possible to produce a bomb using only a few kilograms of pure U235. The memorandum had been based on intelligent guesses of the val ues of various quantities relevant to the fission process. A final decision on the feasibility of producing a bomb, and whether it might conceivably be produced within the next few years, either here or in Germany, required measurements and tests of many different kinds.
There were many questions to be answered: what were the numerical values of the interaction cross-sections for neutrons of different energies to produce fission? what was the form of the energy spectrum of the fission neutrons? was there any time delay in the emission?, etc. The cyclotron was pressed into ser vice to look into these matters. It had just started to operate and was being run by Moore, Pickavance and Rowlands. Under Chadwick's guidance and with the collaboration of Frisch and Rotblat a long programme of experiments was begun.
The cyclotron was used on occasion to produce isotopes for medical pur poses. Radio-sodium, used as an indicator for circulation of the blood, was flown to the south of England, where it was used by surgeons in Oxford carry ing out operations on RAF pilots who had suffered brain damage.
Margaret Gowing1 has given an account of the important role played by Chadwick in the determination of policy at national and international levels and of his skills as a diplomat and administrator. The work in this country was carried out under the cover name of the 'Directorate of Tube Alloys'. This seems to have been a good choice of name, and there is no evidence that the project attracted any unwanted attention. At Liverpool Chadwick was always of the strong opinion that any overt security measures would be counter-pro ductive, and only serve to draw attention to the work. Without such measures people were able to discuss their work with colleagues at Liverpool or else where without bureaucratic restraints. Of course people exercised their own censorship; I was only ever aware of the results of my own immediate work, and not how they related to any overall plan of research. This also applied to the other junior members of the collaboration.
After the war Chadwick was much concerned with organizing the develop ment of a nuclear energy industry in Britain, as well as establishing a strong base of nuclear physics research in the universities. It was largely on his ini tiative that the Harwell laboratory under Cockcroft was set up. The production of radioisotopes, particularly for medical applications, also concerned him, and it was at his suggestion that the Radio-chemical Laboratory at Amersham was established under the Ministry of Supply. In 1948 an Atomic Energy Committee was set up by the Government with Chadwick as Chairman to advise on the civil applications of atomic energy. Post-war relations with the Americans also occupied much of his time at one stage, as the political climate in the USA had turned strongly against collaboration in atomic energy.
In spite of all these various commitments Chadwick devoted much effort to the post-war problems of the University, as Pro-Vice-Chancellor, and his advice and sound judgement were highly valued. His main concern, however, was the future of the physics department, and he intended to make good use of the funds which were then available from the Government. The dramatic effect of the atomic bomb in ending the war with Japan, and the vital role played by radar and other technologies, which arose out of research in pure science car ried out in the universities, led to a very favourable attitude towards funding for further research. The golden years were about to begin. The department in Liverpool was, of course, particularly well placed since Chadwick was so high ly regarded.
His first priority was the rehabilitation of the cyclotron. Rotblat, Moore and Pickavance returned from the USA to help with this. I had seriously considered changing my line of research and taking up biophysics, but was persuaded to return to Liverpool with the prospect of new opportunities in nuclear physics under Chadwick.
There was at this time much discussion about atomic energy, and we were all members of the Atomic Scientists Association, frequently called upon to give lectures on the topic to public bodies of all kinds. One public relations project we were concerned with was a travelling exhibition -The Atom Train -which was set up at Liverpool and which was officially opened by Chadwick at Central Station one winter's day at the end of 1947.
Chadwick's plans, however, were much more ambitious than the rebuilding of the 37-inch cyclotron. He intended to build a much larger machine, so that the laboratory would be in a position to compete with any in the world.
The building of large cyclotrons was proceeding in various places in the USA, pre-eminently at Berkeley, where a machine with a magnet pole diame ter of 15 feet had been rapidly commissioned after the war. These much larger machines had been made possible by the discovery in 1945, independently in the USA and the Soviet Union, of the so-called 'principle of phase stability'. It involved modulating the frequency of the RF supply, and removed the ener gy limit set by the relativistic mass increase of the protons.
In this country a committee was set up in 1946, the Cyclotron Panel, to con sider the provision of several large cyclotrons here. There were four Liverpool representatives on this panel, with Rotblat as Chairman. Harwell was certainly to have a cyclotron, primarily as a fast neutron source, and the Medical Research Council wanted one for therapeutic purposes. Cambridge and Liverpool were also in the market.
Much of the early discussion in the committee was based on conventional cyclotrons, but towards the end of 1946 news from America on favourable tests of the phase stability principle led to changes in plans. The Harwell cyclotron was then changed to one with frequency modulation, and construction started early in 1947. At the last meeting of the panel in February 1947, Moore was able to report on changes in the plans for the Liverpool cyclotron. The main Nuclear Physics Subcommittee, no doubt at Chadwick's request, had agreed to the construction of a frequency-modulated cyclotron considerably larger than the Harwell machine. This was to have a magnet of 156-inch pole diameter, comparable in size with any planned in the USA. It would provide protons of energy 400 MeV.
The choice of a site within the University for such a machine was a restrict ed one, and in the end attention was directed to a corner of the site for the Metropolitan Cathedral at the top of Mount Pleasant. Negotiations with the church authorities were eventually successful in procuring a suitable long-term lease. A research laboratory was built there, in which was installed a 1.2-MV HT set, to complement work on the small cyclotron, and to provide further facilities pending the completion of the large machine. This new synchrocy clotron was housed in a large building, partly below ground level, with walls six feet thick for shielding purposes. With these three machines the laboratory was by far the best equipped in the country, and was able to attract a team of very able young physicists.
Chadwick was not to enjoy the fruits of his labours. In 1948 he was offered the mastership of his old college in Cambridge, Gonville and Caius, and after much heart-searching he decided to accept. But for those who remained, an exciting and productive period of research was about to begin.
The existence of an important centre of nuclear research in Liverpool was to lead to other developments. In 1962, when the synchrocyclotron was nearing the end of its useful life, it was agreed to set up a new laboratory, under the National Institute for Research in Nuclear Science, near to Liverpool, and housing a new accelerator. This was the 5000 MeV electron synchrotron NINA at Daresbury. When the synchrocyclotron was finally closed down in 1964, most of the staff there were able to transfer their allegiance to the new labora tory and expand their research interests into the quite new field provided by the electron synchrotron.
Chadwick took a close interest in the Daresbury Laboratory and acted as chairman of an advisory committee during the period of its construction. He had by this time retired from Cambridge, and his wife and he had come to live in North Wales. Chadwick enjoyed country life, and fly-fishing used to be one of his favourite relaxations. In retirement both he and his wife took great plea sure in their garden, and I remember well the delightful occasions when sever al of us were invited to visit them at strawberry time.
On informal occasions Chadwick was fond of telling stores of his early days at the Cavendish Laboratory. On Rutherford's instructions the building was always locked up every evening at 6 p.m. so that people should be encouraged to go home and spend some time thinking over what they had done during the day. The chief steward, Lincoln, was the strict custodian of these instructions and Chadwick was obliged on occasion to enter the building by unorthodox means in order to continue his experiments in the late evening.
A memorable party was the luncheon given for him at the Daresbury Laboratory on his 75th birthday. It was attended by many of Chadwick's old friends and colleagues, and he was in excellent form, speaking of his Cavendish days and jokingly comparing the situation then of extreme econo my under Rutherford with the present relative affluence.
The deep impression Chadwick made on his colleagues on the University Senate and Faculty is made clear in the following quotation from Sir James Mountford, the Vice-Chancellor after the war:
His interests were much wider than the domain of physics; and when he felt there was need he spoke out clearly, incisively, critically and effectively about any pro posals of his own or of other Faculties which struck him as misguided or just plain silly. Here was a man whose patently disinterested devotion to excellence in any academic sphere inevitably demanded and gained attention, respect and eventual gratitude. In Senate and its committees, as in Faculty, he stripped slop py thinking of its pretensions and though invariably kind to individuals and sen sitive to their difficulties, he was never deflected from his own high standards of judgment. There seemed to be in him an inner compulsion to seek excellence in himself and others. For academic politics and other trivialities he had only dis dain; but he regarded fly-fishing and the assessment of fine wines as matters of some moment. Whatever the future of our University may be there is one glory that is imperishable: 'James Chadwick once lived and worked amongst us'.3
